eight year old school children increased from 11.1% in 1978 to 12.9% in 1991. 1 Evidence Background -Prevalence surveys of asthma and/or wheezing among all chil-from population surveys, 1-6 GP consultation rates, 7 and hospital admissions 8 indicate that dren aged between 7 1 2 and 8 1 2 attending state and private schools in the London Borough this was part of a national increase in the prevalence of childhood asthma throughout the of Croydon were conducted in February 1978 and February 1991. Two population 1970s and early 1980s. The reasons for the increase remain unclear. It has been suggested based case-control studies drawn from the survey responders were used to investigate that changes in the indoor environment in terms of temperature, humidity, air pollutants, the association between childhood wheeze and characteristics of the home environ-and allergen exposure may be partly responsible. 6 9-11 A recent study of severe wheeze in ment and to assess whether changes in these characteristics between 1978 and Sheffield school children aged 11-16 suggested an increased risk associated with current ex-1991 may have contributed to an increase in the population prevalence of wheeze posure to non-feather pillows.
smoking, type of heating in the living room and pets were estimated from a subset of the data -that is, children with no parental report of pet bedroom, whether or not the child had their own room, type of pillow and mattress, pet avoidance -while simultaneously estimating all other parameters in the same model from the ownership, and socioeconomic measures including housing tenure and social class of the full data. 12 A similar technique could not be used for feather pillows as information on spefather.
Questions relating to parental smoking cial arrangements in the bedroom was only collected from cases. Odds ratios for feather differed between studies with the 1991 questionnaire asking about cigarettes smoked in the pillows, adjusted for study and other potential risk factors, were therefore obtained by rehome. Parents who smoke cigarettes but not in the home will therefore be coded differently fitting models to a restricted data set -that is, children with no report of special arrangements in the two studies and for 1991 the number of cigarettes smoked per day will be biased in the bedroom.
Methods similar to those described by Bresdownwards.
Parents were asked if they had ever got rid low and Day 16 were used to assess the extent to which changes in the distributions of risk of a pet or decided not to have one because they thought that the study child was (or might factors over time could explain the small increase in the population prevalence be) sensitive to it. They were also questioned about special arrangements in the child's bed-odds of asthma and wheezing attacks between the two studies. Calculations were based on room; however, the wording and position of this question differed between studies. In 1978 the assumption that the underlying associations between risk factors and wheeze were the same parents were asked "Have you done anything special about N's bedroom?" followed by ques-in the 1978 and 1991 populations.
Mantel-Haenszel statistics calculated by tions on type of pillow, continental quilt, and mattress to act as a check. In 1991 they were SAS 15 from three-way tables involving an indicator for study were used to investigate asasked "Have any other special arrangements been made in the room?" directly after the sociations between potential risk factors and wheeze frequency. The extent of any bias arisquestion "Do you use any kind of mattress cover?" but also after questions relating to type ing from the method of control selection used in 1991 was investigated by fitting multiple of pillow, bedding, and mattress. In both studies parents were asked to give details of any logistic regression models for all wheeze that used a single multilevel factor to represent both special arrangements. study and 1991 school. The resulting odds ratios obtained were compared with the results of the main analysis.    Multiple logistic regression models adjusting for study were fitted by SAS 15 to investigate Results associations between attacks of asthma and   wheezing and potential risk factors in the home The 12 month period prevalence of wheezing environment. Due to the sampling scheme used attacks increased from 11.1% to 12.9% (table  in the 1978 study, results for frequent and 1) , a moderate but significant increase of 16% infrequent attacks combined will be biased to-(95% CI 2% to 32%). 1 14 The increase was wards the more severe spectrum of disease. In mainly due to a change in the prevalence of order to assess independent effects, all potential infrequent symptoms which rose from 8.4% risk factors that exhibited a significant as-to 10.1%. 1 14 There was little change in the sociation with either infrequent or frequent prevalence of frequent wheeze (2.5% to 2.6%, wheeze were entered into multifactorial models respectively). 1 14 The ratio of current wheezers along with sex, social class, housing tenure, to never wheezers (population prevalence odds) furry pets, central heating in the bedroom, increased by 20% between 1978 and 1991. and paternal smoking. Maternal smoking was entered as a three level factor to investigate dose response and the absence of a father figure    Cases and selected controls for whom a false as an extra social class category. An interaction term was included so that odds ratios for furry positive or a false negative response on the screening questionnaire was suspected were
In both studies about 30% of frequent wheezers and about 15% of infrequent excluded from analyses, with the additional exclusion of 10 cases in 1991 who were wheezers had a report of pet avoidance compared with 7% of controls in the 1978 study interviewed as former rather than current wheezers, three cases in 1991 for whom fre-and 2% of controls in the 1991 study. Special arrangements in the bedroom were reported quency of attack was unknown, and one case in 1978 whose interview was "unusable". 14 for about 20% of infrequent wheezers, 55% of frequent wheezers in 1978, and 34% of freAnalyses were therefore based on 94 and 64 frequent wheezers, 173 and 235 infrequent quent wheezers in 1991. Among parents of children with frequent wheeze, in 1978 23% wheezers, and 92 and 291 controls from the 1978 and 1991 studies, respectively. specified changing pillows, avoiding feathers or using non-feather pillows compared with only Having adjusted only for study, the prevalence of childhood wheezing illness was posi-3% in 1991 (table 3) . For infrequent wheeze the difference was less marked (7% versus 3%). tively associated with gas cooking, maternal smoking, and the absence of a father figure and A similar pattern was observed for parents specifying a change of bedding or use of nonnegatively associated with the use of feather pillows (table 2) . There were no significant feather/non-wool bedding -15% versus 2% for those with frequent wheeze and 4% versus 3% associations with furry pets or central heating. Odds ratios for maternal smoking and the ab-for infrequent wheezers. This may indicate a certain degree of under reporting in the 1991 sence of a father figure appeared to increase across groups (control, infrequent, frequent study due to the wording and positioning of the question on special arrangements. wheeze) and those for feather pillows appeared to decrease (p = 0.025, p = 0.016 and p <0.001, respectively).
When we looked at the number of cigarettes Adjusting for patterns of avoidance When children from households with a report of smoked per day by the mother there was no evidence of a dose response relationship. With pet avoidance were excluded from the analysis a positive but non-significant association with both frequent and infrequent wheeze the odds ratio for mild smokers (1-9 cigarettes per day furry pets emerged which was larger for frequent than infrequent wheeze (table 4) . Exversus none) was larger than the odds ratio for moderate/heavy smokers ([10 cigarettes per cluding subjects with a report of special arrangements in the bedroom failed to remove day versus none). The same pattern was observed in the 1978 data and the 1991 data the significant reduction in the odds of wheeze associated with feather pillows. although it was more marked in the latter.
When, instead of excluding children, those with a report of special arrangements that specifically mentioned changing pillows, using     One possible explanation for the strong neg-non-feather pillows, feather avoidance, changing bedding, or non-feather/non-wool bedding ative association with feather pillows is that parents changed to non-feather pillows in re-were re-coded from non-feather to feather, the odds ratios for feather pillows increased in sponse to their child's symptoms. Avoidance of pets due to symptoms may also explain the magnitude to 0.54 (95% CI 0.34 to 0.84) for frequent wheeze and 0.66 (95% CI 0.49 to failure to detect any increase in risk associated with current pet ownership.
0.90) for infrequent wheeze but remained statgroup.bmj.com on April 4, 2017 -Published by http://thorax.bmj.com/ Downloaded from 18 (28.1) * Special arrangements reported and specified as changing pillows, using non-feather pillows, or avoiding feathers. † Special arrangements reported and specified as change of bedding or use of non-feather/non-wool bedding. ‡ For controls "no" is taken to mean no information. (table  5) . The association with lack of a father figure by re-coding was used to represent past pillow use.
also lost significance. When models were refitted, replacing social class with the binary Changes in the behaviour of parents in response to symptoms are not the only source indicator father figure present versus absent, the adjusted all wheeze odds ratio was 1.62 of bias. Parental behaviour may have been influenced by their own history of atopic disease with 95% confidence interval 0.96 to 2.75.
The inverse association between childhood even before symptoms developed in their child. When children with a parental history of wheeze and feather pillows persisted and remained statistically significant. The use of asthma, wheezing, eczema or hay fever were excluded from the analysis, the association be-feather pillows appeared to be associated with a reduction in the odds of infrequent wheeze tween frequent wheeze and furry pets reached statistical significance (OR = 2.48; 95% CI of 36% (OR = 0.64; 95% CI 0.45 to 0.90) and a reduction in the odds of frequent wheeze 1.15 to 5.39). A smaller non-significant rise was recorded for infrequent wheeze (OR = of 61% (OR = 0.39; 95% CI 0.21 to 0.76) (table 5) . When, instead of excluding subjects, 1.13; 95% CI 0.69 to 1.83). With respect to feather pillows, the negative association with we analysed past rather than current pillow use, the odds ratio for feather pillows increased both infrequent and frequent wheeze persisted (OR = 0.61; 95% CI 0.35 to 1.05 and OR = in magnitude to 0.53 (95% CI 0.32 to 0.87) for frequent wheeze, to 0.68 (95% CI 0.49 to 0.23; 95% CI 0.09 to 0.58, respectively) although, due to the small numbers, the as-0.94) for infrequent wheeze, and to 0.65 (95% CI 0.48 to 0.89) for all wheeze combined, sociation with infrequent wheeze was no longer significant. but remained statistically significant. However, when the analysis of past pillow use was restricted to children with no reported parental history of asthma, wheezing, eczema or hay   After adjustment for other variables, maternal fever, the odds ratio for all wheeze got even closer to 1 (OR = 0.74; 95% CI 0.43 to 1.27) smoking was only significantly associated with frequent wheeze when expressed as a three and lost statistical significance.
Odds ratios for all wheeze by gas cooking, rather than a two level factor. However, there was no graded dose response with the highest central heating, paternal smoking, and furry pets differed little from those already quoted odds ratios being recorded for mild smokers rather than moderate/heavy smokers (table 5). in table 5 when, in addition to study and risk factors, we adjusted for school in the 1991 With respect to gas cooking, the effect of adjustment was to reduce the odds ratio for data. The new school adjusted odds ratios for absence of a father figure, feather pillows (based infrequent wheeze from 1.50 to 1.34 with a group.bmj.com on April 4, 2017 -Published by http://thorax.bmj.com/ Downloaded from † Odds ratios also adjusted for study, social class, sex and housing tenure. ‡ Biased towards the more severe spectrum of disease due to the sampling scheme used in the 1978 study. § Adjusted odds ratio for feather pillows was obtained by fitting the full multiple logistic model for subjects with no parental report of special arrangements in the bedroom.
on current pillow use and restricted to children Using the estimated odds ratio for all wheeze by past pillow use (0.65, feather versus nonwith no report of special arrangements), mild maternal smoking, and moderate/heavy ma-feather), a rise in the use of non-feather pillows from 44% to 67% would be large enough to ternal smoking were 1.46 (95% CI 0.82 to 2.58), 0.51 (95% CI 0.35 to 0.74), 1.86 (95% explain 57% (95% CI 18% to 96%) of the 20% increase in the population prevalence odds CI 1.01 to 3.42) and 1.00 (95% CI 0.65 to 1.53), respectively. When, instead of school, of wheeze. A small rise in the use of gas for cooking from 75% to 77% would only be large we adjusted for interviewer in the 1991 data, using similar methodology the new odds ratios enough to explain 4% of the 20% increase.
Changes in the distributions of other potential for maternal smoking were 1.67 (95% CI 0.95 to 2.94) for mild smokers and 1.02 (95% CI risk factors including central heating, maternal smoking, paternal smoking, and furry pet own-0.69 to 1.51) for moderate/heavy smokers.
ership were conducive to a decrease in the population prevalence odds of wheeze rather than an increase. Taken together, the risk fac-     1978  1991 tors investigated in the multifactorial analysis (including non-feather pillows) appeared to exThe control groups were compared in an attempt to investigate changes in potential risk plain 52% of the increase in the population prevalence odds of wheeze. factors over time. In the interests of comparability, percentages in 1991 were weighted according to the distribution of schools among all children reported never to have had asthma Discussion Some authors commenting on trends in the or wheeziness on the screening questionnaire (although these weighted percentages differed prevalence of asthma have suggested that changes in exposures within the indoor enlittle from the unweighted figures presented in table 2). The comparison of controls suggested vironment may have been responsible. [9] [10] [11] More specifically, some have suggested that changes increases in the proportion of home owners (59% to 80%), the proportion living in ac-in the way in which we heat and insulate our homes have provided a warmer more humid commodation with central heating in the bedroom (50% to 79%) and in the living room environment that might favour the growth of the house dust mite. 6 10 However, the only study (57% to 81%), and the proportion of children using non-feather pillows (44% to 67%). The of dust mites conducted in English homes at two time points (1979 and 1989) failed to proportion of mothers who smoked appeared to decrease (37% to 25%) as did the proportion demonstrate any change in the reservoir levels of dust mite antigen. 10 In our study we looked of fathers who smoked (47% to 25%), although it should be remembered that smoking ques-at the possible role of central heating. Although we found evidence of a large increase in the tions were not strictly comparable between the two studies. The distribution of social class proportion of children with central heating in the bedroom between 1978 and 1991, there also appeared to differ between studies with 45% of control children in 1978 having fathers was no evidence to suggest that central heating was positively associated with wheeze, with a in non-manual occupations compared with 57% in 1991. There appeared to be little change mutually adjusted odds ratio of less than 1.
Use of gas for cooking is an important source in the proportion using gas for cooking (75% versus 77%) or the proportion owning furry of personal exposure to nitrogen dioxide, an irritant gas which might increase the risk of pets (58% versus 52%).
group.bmj.com on April 4, 2017 -Published by http://thorax.bmj.com/ Downloaded from symptoms by toxic irritation or enhancement mean concentrations of ozone decreased between 1978 and 1988 and annual mean conof the effects of infections or allergens.
17 18 The average additional exposure associated with a centrations of nitrogen dioxide were relatively stable over the same period. 27 At a national gas cooker is approximately 30 g/m 3 (16 ppb at 20°C, 1013 mb) 17 compared with the average level, a review of evidence in 1995 27 concluded that changes in the scale and nature of air outdoor exposure in London of around 37 ppb. 19 The mutually adjusted odds ratio as-pollution were unlikely to have been responsible for the increase in asthma that has sociating wheeze with gas cooking in Croydon was small and non-significant although com-taken place over recent decades in the UK.
The higher odds of wheeze among children parable to the results of a recent meta-analysis which suggested a 20% increase in the odds of with no father figure lost significance after adjustment for confounders and the odds ratio respiratory symptoms prevalence with a 95% confidence interval of 10% to 30%. 17 However, decreased further in magnitude after additional adjustment for school in the 1991 data. "No the proportion of parents using gas for cooking appeared little changed between 1978 and father figure" was not a variable that we set out to examine and the discovery of an as-1991, hence gas cooking does not appear to explain the 20% increase in the population sociation in our initial analysis (table 2) was unexpected. However, other studies have reprevalence odds of wheeze observed between the two Croydon screening surveys.
ported elevated risks for children from one parent families 24 and for children of un-A positive association between wheezing illness and maternal smoking has been reported employed parents or those of lowest socioeconomic status. 28 29 by several studies, [20] [21] [22] [23] [24] [25] [26] although there is debate as to whether it is smoking during pregnancy, Few epidemiological studies have reported a positive association between pet ownership and during the child's first year of life, or current smoking by the mother that is important. 22 23 25 wheezing illness. 20 21 30-32 However, evidence that exposure to pet dander increases the risk In Croydon the association with maternal smoking as a two level factor lost statistical of allergic sensitisation has been provided by several clinical investigations. 31 33-35 A possible significance after adjustment for potential confounders and there was no suggestion of a dose reason for this apparent contradiction is the avoidance of pets by the parents of children with response relationship. There was, however, some indication of an increased risk associated symptoms.
12 21 30 The findings of the Croydon surveys, with odds ratios for furry pet ownership with mild smoking (1-9 cigarettes per day). This pattern, which was particularly marked in increasing in magnitude after excluding children with a parental report of pet avoidance, the 1991 study, might suggest that mothers whose children develop symptoms reduce the clearly lend weight to this interpretation. However, between 1978 and 1991 the proportion amount they smoke or reduce the amount they smoke in the home rather than give up.
of parents owning furry pets appears if anything to have decreased so furry pet ownership does The apparent decrease over time in the proportion of mothers who smoke may be an not appear to explain the 20% increase in the population prevalence odds of wheeze. artifact of using different smoking questions. However, for the direction of the observed One factor for which trends in exposure were conducive to an increase in the prevalence of difference to be reversed we would need to assume that approximately 12% of mothers in wheeze was type of pillow. The paradoxical inverse association of wheeze with feather pilthe 1991 control group were current cigarette smokers who did not smoke in the home. The lows was also reported in a recent study of 11-16 year old Sheffield school children. 12 In only available information comes from 174 control questionnaires completed in 1991 by both Sheffield and Croydon the association persisted even after the exclusion of children two researchers who routinely noted down whether parents currently smoked as well as with a report of special arrangements in the bedroom and after adjustment for other pothe number of cigarettes they smoked in the home. Of these 174 controls, four mothers tential confounding factors. The resulting odds ratios were also similar (0.36; 95% CI 0.24 smoked but not in the home, and five mothers who did not smoke in the home had missing to 0.53 for severe and/or frequent wheeze in Sheffield, 0.40; 95% CI 0.21 to 0.76 for freinformation on smoking in general, a total of 5% (9/174). Thus, a change in the prevalence quent wheeze in Croydon).
12
In the Sheffield study no detailed information of maternal smoking between studies does not appear to explain the 20% increase in the popu-was available about change in pillow use as a result of the child's asthma. However, in Croylation prevalence odds of wheeze. There was no evidence of an association between wheezing don we were able to take account of feather avoidance more specifically and the inverse illness and paternal smoking habit.
It is unlikely that outdoor sulphur dioxide or association persisted, although there was some concern that change of pillow may have gone particles (measured as black smoke) contributed to the 20% increase in the population under-reported in the 1991 study. This form of analysis does not take account of the possibility prevalence odds of wheeze as levels of these two pollutants recorded at a local monitor in that atopic families tend to avoid feather bedding from the time their children are born, thus Croydon fell from 87.2 g/m 3 
